As one of the steps to elucidate the induction mechanism of encephalomalacia by feeding dilauryl succinate (DLS), possibility on inhibition of intestinal absorption of vitamin E was investigated from four points of view by checking the digestive and absorptive ability of the chicks fed DLS. 1) It was observed that preventive effect of injected vitamin E against ence phalomalacia was about four times higher than that orally administered, while that of injected ethoxyquin, one of synthetic anti-oxidants, was much lower than that orally administered . 2) Increase in weights of the duodenum, jejunum, and liver was caused by feeding DLS or lauryl alcohol, i.e., one of hydrolysates of DLS, and that by the latter was significantly larger than that by the former.
As one of the steps to elucidate the induction mechanism of encephalomalacia by feeding dilauryl succinate (DLS), possibility on inhibition of intestinal absorption of vitamin E was investigated from four points of view by checking the digestive and absorptive ability of the chicks fed DLS. 1) It was observed that preventive effect of injected vitamin E against ence phalomalacia was about four times higher than that orally administered, while that of injected ethoxyquin, one of synthetic anti-oxidants, was much lower than that orally administered . 2) Increase in weights of the duodenum, jejunum, and liver was caused by feeding DLS or lauryl alcohol, i.e., one of hydrolysates of DLS, and that by the latter was significantly larger than that by the former.
3) Apparent digestibility of fat and protein of the chicks fed DLS was normal. 4) Sodium taurocholate had little effect to protect chicks from encephalomalacia . It was suggested that DLS feeding caused the change in weight of the tissues related to digestion, but did not affect the digestive function of chicks. Therefore, vitamin E deficiency induced by DLS might not be attributable to inhibition of intestinal absorption of vitamin E. Relationship among DLS, unsaturated fatty acids, and selenium is discussed in the text from the point of effectiveness of anti-oxidants. productive ability was depressed by feeding dilauryl succinate.6) Dilauryl succinate, abbreviated as DLS hereafter, was chosen the model compound in this study on the mechanism of encephaloma lacia induced by the compounds mentioned above, since it was the strongest inducer of encephalomalacia among them.2) So far it has been observed that about 80 % of the starting chicks fed the diet containing 12 % of DLS suffered from encephalomalacia during the experimental period of three weeks, although this percentage depended on the vitamin E contents of diets and in newlyhatched chicks. The ability of DLS to induce encephalomalacia is not solely attributable to that of lauryl alcohol moiety since that of the former was much stronger than that of the latter at the same dietary level.1) It was re vealed in our previous paper1) that DLS was hydrolysed into monolauryl succinate, i.e., succinate monoester of lauryl alcohol, and lauryl alcohol in the small intestine, both of In Expt. 4, three groups of ten chicks each were fed DLS-1 diet with or without 0.5 of cholic acid, and the control diet, respectively, for three weeks to check whether encephalomalacia could be prevented by addition of cholic acid, or not.
In Expt. 5, sixty chicks were divided into 4 groups of 15 chicks each. Each of them was fed DLS-2 diet, DLS-2 diet with 0.5% or 0.75% of sodium taurocho late, or control diet, respectively, to investigate the effect of sodium taurocholate.
Fresh excreta of each group was collected every day from 11th to 14th day. Crude fat in the diets and excreta was determined by extracting fat with ethyl ether, and crude protein on the calculation by the formula N x 6.25 was determined by Kjehldahl procedure, using the method reported by Ekman.9) Chromic oxide in the diets and excreta was determined spectrophotometrically with phosphate reagent.10) Apparent digestibility of crude fat and pro tein were calculated using chromic oxide contents as index.
RESULT
In Tables  II and III, is Abbreviation of injection. b) Measured at 12th day , and shown by taking the amount of negative control as 100.c) Number in parenthesis represents total feed intake through experimental period per one chick sur viving and shown by taking the amount of negative control as 100.d) Abbreviation of encephalomalacia e) Represents total dose of vitamin E during three weeks per one chick surviving.f) DLS 12 % diet without vitamin E supplementation.g) The diet containing 12 % of corn starch replacing DLS. h) Unmeasurable because some chicks were dead before the end of experiment of three weeks. 2) Number in parenthesis means total feed intake through experimental period per one chick surviving, and shown by taking that of negative control as 100.3) Represents total dose of anti-oxidants during three weeks per one chick surviving.4) Unmeasurable because some chicks died of encephalomalacia before the end of experiment. 5) DLS 12% diet without any supplementation of anti-oxidants.6)
The diet containing 12% of corn starch replacing DLS.7) Difference between the incidence of encephalomalacia with a different sign was significant statisti cally by x2-test.
which was measurable would have been very small at the same administration level because the difference in feed intake through experi mental period among the groups fed DLS was very small as shown in Tables II and III. One hundred and sixty ppm of vitamin E was enough to prevent encephalomalacia induced by DLS , while injection dose of vita min E corresponding to 40 ppm of dietary level was also completely preventive. According to the data shown in Table II , it seems likely that vitamin E might be about four times more effective by intramuscular injection than by oral administration.
As shown in Table III , dietary ethoxyquin level at or higher than 100 ppm was effective to prevent encephalomalacia completely, while injected ethoxyquin was only partially effective even at the dose corresponding to dietary level of 200 ppm. Oral administration of BHA was little effective to prevent encephalo malacia, while injected BHA at the dose corresponding to 200 ppm of dietary level was effective significantly.
In Table IV , is shown weight of the tissues of the chicks fed various experimental diets. All the experimental diets contained very low contents of peroxides as shown in Table I-1 . Peroxide values in vitamin E deficient diet and in the control diet containing 12% of lard were a little higher than those in the other diets, which might be attributable whether they contained lard or not. However, even this contents of peroxides in the formers were not enough to induce encephalomalacia since it had been revealed in the preliminary experi ment that the control diet containing 12% of lard did not induce encephalomalacia at all. Chicks showed as good appetite to both the control diet containing 12% of lard and to vitamin E deficient diet as to the control diet containing 12% of corn starch, but showed poor appetite to lauryl alcohol diet as reported previously.1) Weights of the duodenum, jejunum, and liver of the chicks fed DLS or lauryl alcohol were significantly heavier than those of the chicks fed the other diets. Weights of the duodenum, jejunum, and liver of the chicks fed lauryl alcohol were significantly heavier than those of the chicks fed DLS. Decrease in the weight of the chicks fed DLS was observed. Weight of the gallbladder of the chicks fed DLS and suffering from ence phalomalacia was much heavier, as a result of bile accumulation in it, than the other groups including the groups fed DLS but not suffering from encephalomalacia. Addition of vitamin E to DLS diet did not cause any change on weight of the tissues.
In Table V From the data shown in Table II , it can be judged that preventive effect of vitamin E against encephalomalacia induced by DLS might be about four times larger when injected intramuscularly than that when administered orally. This means that only 25 % of vitamin E added to the diet will be effective, provided that all of vitamin injected will be absorbed into chicks' body and reach the target organs. Exact data as for the absorbability of vitamin 3) Sodium taurocholate or cholic acid were added to the diet containing 12% of DLS. 4) The diet containing 12% of DLS without addition of sodium taurocholate or cholic acid.5)
The diet containing 12 % of corn starch in place of DLS. 6) Difference between the incidence of encephalomalacia with a different sign was significant statistically by x2-test. 7) Average and standard deviation for three days between 11th and 14th day. E in chicks have never been reported so far probably because it varies together with the composition of diets and because its measure ment will be technically difficult. The fact, however, that only 25% of vitamin E orally given will be effective leads us to the possibi lity of inhibition of intestinal absorption of vitamin E as one of the explanations for DLS induced encephalomalacia. It has been reported that lowering of intestinal absorption of vitamin E was observed together with lowering of intestinal absorption of fats, caused by decrease of bile secretion to the small intestine, which was recovered by addition of sodium taurocholate to the diet,11) or caused by fall of pancreas function, e.g., due to selenium deficiency12) which was accompanied by impaired hydrolysis of fats.
As shown in Table V , however, chicks fed DLS showed normal value of digestibility of fat and protein, and addition of sodium taurocholate or cholic acid to DLS diet was not effective for prevention of encephalomalacia, and DLS diet contained enough amount of selenium as shown in Table I -1, compared with the selenium requirement of chicks reported by Thompson and Scott13) which was more than 0.05 ppm in the case that diets con tained no vitamin E. Therefore, although change in weight of the tissues related to di gestion was observed in the chicks fed DLS, DLS might not affect the digestive and absorp tive function of the chicks. Since increase in weight of the duodenum, jejunum, and liver was significantly higher by feeding lauryl alcohol than that by DLS, tissue increase by DLS can be partially, at least, explained from the effect of lauryl alcohol which is one of the hydroly sates of DLS in the small intestine,1) and is much weaker in the ability to induce encephalo malacia than DLS.1,2) Tissue increase by DLS is not attributable to vitamin E deficiency induced by DLS, since no difference in tissue weight was observed between the two groups fed DLS diet with or without supplemental vitamin E, and since vitamin E deficient diet containing no DLS did not affect weight of the tissues. Decrease in weight of the pancreas was caused by DLS feeding regardless of the occurrence of encephalomalacia in chicks , and was not recovered by addition of vitamin E to the diet. Since chicks fed DLS showed normal value of digestibility of fat and pro tein, it will be suitable to say that decreasing of pancreas weight does not mean lowering of pancreas function, but mean the result of hydrolytic reaction of pancreas to DLS, chemical structure of which is different from that of natural lipids. Enlargement of the gallbladder which means too much accumula tion of bile in it was observed in the chicks fed DLS and suffering from encephalomalacia, while this phenomenon was not observed in the chicks fed DLS but not suffering from encephalomalacia, and addition of sodium taurocholate to the diet was not preventive against encephalomalacia. Therefore, it will be agreeable to say that enlargement of the gallbladder was not caused by feeding DLS, but caused by starvation condition of the chicks suffering from encephalomalacia since they could not behave freely or eat diet because of paralysis of nervous system. Schmidt and Ivy"' reported that starvation reduced the rate of secretion of bile into the small intestine, accompanied by concentration of bile in the gallbladder, and this phenomenon has been often observed in our laboratory. From the experimental fact described above, it will be proper to judge that poor efficiency of vitamin E administered orally will be attributable to its property labile to be destroyed, such as in the diet or digestive canal.
It is known as a role of synthetic antioxidants that they prohibit formation of pero xides from unsaturated fatty acids in diets. However, unsaturated fatty acids were not added to DLS diet, which explained very low peroxide value in DLS diet. Therefore, preventive effect of injected BHA or orally administered ethoxyquin against DLS-induced encephalomalacia indicates that BHA and ethoxyquin functioned with sparing action of vitamin E in chicks' body, not in the diet, once they were absorbed into chicks' body. It is agreeable that orally administerd BHA was little effective against DLS inducing encephalo malacia because BHA is known as a chemical compound hardly absorbed into chicks' body from the intestine.15) In contrary to that, ethoxyquin is known as a compound easy absorbed,15) which explains why it was ef fective by oral administration. However, its poor ability by injection indicates that ethoxyquin might not reach the target organs efficiently by injection.
A series of our investigation on nutritional encephalomalacia leads us to the speculation that some of secondary products from unsaturated fatty acids via peroxides, i.e., medium-chain fatty alcohols or fatty aldehydes, will be responsible for encephalomalacia induced by unsaturated fatty acids, and vita min E deficiency will be caused as a result of increasing of permeability of cell membrane accompanied by leakage of vitamin E, which might be induced by the compounds having the property as detergents like secondary products from unsaturated fatty acids via peroxides. Addition of selenium was not effective for the prevention of DLS-induced encephalo malacia,17) and DLS diets employed in this experiment contained sufficient amount of selenium as described above. It has been well known that selenium participates in the activity of glutathione peroxidase,18) which has an important role to detoxicate peroxides produced from unsaturated fatty acids in animals' body. Therefore, it is evident that DLS-induced encephalomalacia is not attri butable to peroxides produced in chicks' body during the metabolism of unsaturated fatty acids. Ineffectiveness of selenium and effectiveness of vitamin E against DLS-induced 
